1. Introduction
===============

Medical education has seen fundamental reform in recent decades, both nationally and internationally, with a paradigm shift towards competency-based training \[[@R1]\]. At the core of the competency-based curriculum is the definition of outcomes, which are, on the one hand, derived from the demands of future professional activities and, on the other hand, provide guiding principles for curriculum design \[[@R2]\]. With the introduction of a new "model" clause for reforms in the licensing laws for medical doctors in 1999, numerous German medical faculties have designed and implemented alternative curricula for undergraduate medical education \[<http://www.gesetze-im-internet.de/_appro_2002/index.html>\], \[[@R3]\], \[[@R4]\], \[[@R5]\]. Based on experiences with the regular and reformed medical track, the Charité Universitätsmedizin Berlin (Charité) developed and implemented a new modular curriculum of medicine between 2010 and 2016 \[[@R6]\]. The aim was to implement a competency-based and outcome-oriented curriculum as much as possible within the context of formal requirements for undergraduate medical education and existing conditions at the institution. This project report describes the core elements of the MCM and how they were rated based on an across-semester student evaluation.

The paradigm shift towards competency-based education was triggered mainly by current, far-reaching changes in the working lives of physicians: fast medical progress, changing demands of society and patients' needs as well as new findings from educational research \[[@R3]\], \[[@R6]\]. Traditional, discipline-focused medical tracks are limited in how well they prepare graduates for their working lives as physicians \[[@R7]\], \[[@R8]\]. Criticism has focused on a lack of competency training in the areas of practical clinical skills, physician-patient communication, teamwork skills and scientific skills. Competency-based frameworks, such as the national competency-based learning objectives catalogue (NKLM) \[[@R9]\], which was passed in Germany in 2015, define the overarching outcomes to be achieved by a medical degree programme. These learning outcomes are the basis for the design of outcome-oriented curricula and the further development of existing programmes. An important measure for achieving the defined outcomes is whether students and graduates feel sufficiently prepared for the demands facing them in their working lives as a physician \[[@R10]\], \[[@R11]\].

The Charité has a long tradition of reform in medical education. One of the events that triggered this reform was a strike by students to demand the improvement of conditions for studying medicine in the late 1980s \[[@R6]\]. In 1999, this strike led to the introduction of a reformed undergraduate medical curriculum under the leadership of then Dean Dieter Scheffner, which was the first national project to propose an alternative design for the medical track. The reformed curriculum of medicine featured a mainly problem-based learning (PBL) approach and was structured as thematically integrated blocks with intensive early patient contact. Approximately 10% of the entire cohort (n=63 per year) was taught with the reformed curriculum, while 90% continued on the regular curriculum of medicine \[[@R12]\], \[[@R13]\]. In a comparison of the two medical tracks, the students on the reformed curriculum track felt better prepared for their future working lives as physicians and were more satisfied with the programme conditions than those on the traditional curriculum track \[[@R7]\], \[[@R14]\], \[[@R15]\]. Another important result of the reformed medical track was the competency-based formulation of comprehensive learning objectives for the medical degree at the Charité from 2003-2005 (overview in table 1 [(Tab. 1)](#T1){ref-type="fig"}) \[<https://dsfz.charite.de/>\]. These objectives were oriented towards international developments, such as Brown's blueprint for education or the Scottish doctor learning outcomes \[[@R16]\]. In 2006, the joint curriculum committee approved the general learning objectives as the overarching learning outcomes to be achieved by earning a medical degree at the Charité.

In 2010, the Charité faculty decided on the introduction of an integrated, competency-based modular curriculum of medicine (MCM) that would supersede the regular and reformed medicine tracks. A number of factors played a role in this decision; details on this are reported in another article \[[@R6]\]. The above mentioned empirical survey played a key role indicating that students of the reformed medical track considered themselves to be much better prepared for their future work as physicians than students from the regular medical track \[[@R7]\].

A six-year, faculty-wide planning and implementation process followed \[[@R6]\]. The MCM was meanwhile fully implemented, and the results of its implementation could be analysed. To do so, a large-scale evaluation was carried out with students in semesters 1 to 10 to rate the curriculum design and the extent to which the intended learning outcomes had been achieved.

This report outlines:

the main characteristics of the MCM curricular design andthe results of its implementation based on a large-scale student evaluation.

2. Project description
======================

2.1. Design and implementation of the MCM
-----------------------------------------

The MCM was designed and implemented between 2010 and 2016 as part of a faculty-wide process at the Charité that was based on a new clause in the licensing laws for physicians in an effort to reform medical curricula \[[@R6]\]. The curriculum consists of six years of study with a final-year clerkship (practical year). The overall modular structure design, the learning objectives (outcomes) and the assessment concept were developed by the planning committee for the MCM track ("KEMM") under the leadership of the dean. A team with interdisciplinary expertise in the fields of basic science, clinical medicine, curriculum development and change management led the MCM project management. Module planning groups developed the programme modules following a structured, 8-step process. The contents of the modules were defined and elaborated by the institutes and clinics represented in the respective modules as well as student representatives \[[@R6]\].

The results of the module planning group meetings were reviewed by the curriculum commission with respect to formal aspects and content and, if necessary, were modified. Thereupon the curriculum commission approved for the modules for implementation.

The following assessments were planned at different points during the programme: Charité internal examinations at the end of semesters 1-9 and state examinations M2 and M3 after the 5^th^ and 6^th^ years of study. The students would not participate in the M1 examination ("Physikum"). The modular structure of the MCM is illustrated in figure 1 [(Fig. 1)](#F1){ref-type="fig"}.

The design of the MCM is characterised by the following core elements:

Integration of basic science teaching and clinical, patient-based teaching from the beginning of the programme and basic science teaching up to the 10th semester. Part of this integration is formed by learning spirals with the modules, which build on each other with increasing difficulty in different teaching formats. A further MCM characteristic is an integrated programme with corresponding theoretical and practical examinations.Outcome-oriented curriculum planning based on pre-defined competency-based learning outcomes with the alignment of teaching, learning and assessment based on the learning objectives defined for each teaching session \[<https://dsfz.charite.de/>\] (see table 1 [(Tab. 1)](#T1){ref-type="fig"}).Longitudinal teaching formats that interconnect the modules.These formats include the following:-- Bedside teaching with patients, which is divided into general and in-depth patient examination courses (semesters 1-4, 118 teaching units) and bedside teaching (semesters 5-10, 358 teaching units)-- PBL (semesters 1-5, 240 teaching units)-- Communication skills and teamwork training (semesters 1-9, 102 teaching units)-- Scientific skills training in three modules (semesters 2, 6 and 9, together 154 teaching units)-- Principles of medical theory and practice (semesters 3 and 7, 30 teaching units)-- Elective modules (semester 6, 60 teaching units; semester 7, 50 teaching units; and semester 8, 50 teaching units) with one topic from a large spectrum of topics offered by the faculty of medicine.

### 2.2. Across-semester student evaluation

In the winter of 2017/2018, all students in the MCM programme were invited to participate in a large-scale evaluation of the programme. A survey instrument was developed in cooperation with the quality assurance team, the Dieter Scheffner Fachzentrum and student representatives. The questionnaire (5-point Likert scale: 5=completely agree; 1= do not agree) included questions on the achieved integration in the programme, satisfaction with the longitudinal aspects of the programme, the relevance and coverage of the learning outcomes defined for the MCM (with addition of interprofessional training) and the extent to which they felt prepared by the programme for their clerkships, the M2 state examination and the practical year as a result of the programme. Data from students in semesters 1-10 (after the completion of each semester) were included in the analysis. Responses from students in the practical year were not included due to a low response rate. For the items on the relevance and coverage of programme learning outcomes and preparedness, data from students in semesters 7-10 were included in the analysis.

To rank the results on the relevance and coverage of learning outcomes and preparedness, we drew on the results from an earlier 2016 final-year survey. This study, conducted in the summer of 2016, surveyed medical students in the practical year of both the regular and reformed medical tracks. The items in both surveys were identical.

The survey was carried out using the evaluation software EvaSys (Electric Paper Evaluationssysteme GmbH, Lüneburg, Germany). Data were collected in pseudonymised form. The Charité office for data protection approved the study.

Descriptive data were analysed using SPSS 23.0 (IBM SPSS statistics, Armonk, NY, USA).

3. Results
==========

3.1. Number of participants
---------------------------

A total of 1,047 of the 2,974 students who were invited participated in the across-semester student evaluation (return rate of 35%; of these respondents, 64% were female students). The students had an average age of 24.5 years (SD: 4.2 years, median: 23 years). A total of 795 students in semesters 1-6 and 252 in semesters 7-10 (return rate of 41% and 25%, respectively) participated in the survey.

A total of 120 students participated in the 2016 final-year survey from the phasing out regular medical track (return rate of 20%; of these respondents, 59% were women). From the MCM track, a total of 64 students participated (return rate of 29%; of these respondents, 69% were women). The students on the regular track were, on average, 28.3 years old (SD: 3.7 years, median: 27 years), and those on the MCM track were, on average, 26.7 years old (SD: 3.5 years, median: 26 years).

The distribution of the sexes in both surveys was similar to that of medical students at the Charité.

### 3.2. Integration

The integration of basic and clinical subjects as well as the basic curricular structure received positive ratings from the majority of MCM students (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}). Specifically, the connection of basic science teaching and practical application, the combination of theory and practice in assessments, the alignment of learning objectives and learning spirals across the programme were rated as being (very) successful.

### 3.3. Longitudinal formats

The analysis of student satisfaction with the longitudinal teaching formats on the MCM track yields varied results (see figure 3 [(Fig. 3)](#F3){ref-type="fig"}). The following were rated as highly satisfactory ("completely agree" and "agree"): the patient examination course (76%), bedside teaching (68%), elective modules (71%) and the courses "principles of medical theory and practice" (58%) and "communication skills and teamwork training" (50%). The results indicate less satisfaction with the PBL and scientific skills training formats; although for both of these formats, the proportion of satisfied students ("completely agree" and "agree") was still higher than that of dissatisfied students ("do not really agree" and "do not agree at all"): PBL, 38% vs. 32%, and scientific skills training, 41% vs. 30%. High satisfaction was reported with the second scientific skills module in which students produce a small scientific work (56% "completely agree" and "agree").

### 3.4. Relevance and coverage of overarching learning outcomes

Figure 4 [(Fig. 4)](#F4){ref-type="fig"} shows that all competency and content domains were rated as very important or important for working as a physician by the MCM students. The rating of the coverage of outcomes in their study programme shows a differentiated picture. There was high satisfaction with the coverage in the competency domains "diagnosis, therapy and care" (83%), "health promotion and prevention" (61%) and "communication skills and teamwork" (81%), as well as in the content domains "diagnoses and clinical presentations" (85%) and "complaints, symptoms and findings" (84%). In the other areas, the coverage of teaching in the study programme was rated lower. The lowest rating was recorded for the subjects "teaching others" (26%), "self-evaluation, professional development and self-care" (23%) and "interprofessional collaboration" (29%).

To better interpret the extent to which the overarching learning outcomes had been achieved in the MCM and progress had been made, the results were compared to those of a survey conducted amongst students of both the regular and the modular medicine track during the practical year with respect to the relevance and actual coverage of overarching learning outcomes.

The results show that there were no fundamental differences in the ratings of the relevance between the two tracks (see table 2 in attachment 1 ). As illustrated in figure 5 [(Fig. 5)](#F5){ref-type="fig"}, the coverage of the competency and content domains were much more highly rated by MCM students than by those on the regular track. The most distinct differences existed in the areas of "communication skills and teamwork" and "practical skills".

### 3.5. Preparedness and overall satisfaction

Based on the self-evaluations, 64% of MCM students felt well prepared for their final-year clerkships ("completely agree" and "agree").

In the 2016 final-year survey, only 25% of the students on the regular medicine track felt "well prepared for the M2 state examination" and only 19% felt "well prepared for the practical year". \[[@R17]\] (see figure 6 [(Fig. 6)](#F6){ref-type="fig"}).

In their overall ratings of the MCM, 89% of the students stated that they were satisfied with their decision to study on the MCM track, while only 4% said that they were dissatisfied.

4. Discussion
=============

The introduction of a reform clause in German approbation laws for physicians set two goals. On the one hand, it defined the legal framework within which medical faculties in Germany can develop and implement alternative designs for the undergraduate medical curriculum \[<http://www.gesetze-im-internet.de/_appro_2002/index.html>\]. On the other hand, it included an obligation to evaluate these new concepts and to contribute to the further development of the approbation law for physicians. The recently published report by the scientific board (Wissenschaftsrat) on the further development of the medical track and the master medical plan for 2020 highlighted similar directions \[[@R15]\], \[[@R18]\]. With this project report on the MCM at the Charité and the large-scale student evaluation, we aim to contribute to the discussion on the future of undergraduate medical education in Germany.

In summary, the results of the student evaluation show that the majority of students were satisfied with their decision to study in the MCM programme. The levels of satisfaction with the study choice are higher than the reported already good general approval ratings in other national and european medical studies \[[@R19]\], \[[@R20]\], \[[@R21]\]. We found especially high levels of satisfaction in numerous aspects of integration as a core feature of this curriculum, as well as for most of the longitudinal teaching formats. MCM students rated the coverage of the overarching learning outcomes substantially higher than students did on the regular medicine track. In addition, MCM students gave higher self-evaluations of their preparedness for practical clerkships, such as in the practical year. Meanwhile, the evaluation reveals numerous areas with potential for improvement.

With respect to the challenges involved in such far-reaching curricular reform as the MCM, we can conclude from this evaluation that from the students' points of view, many aspects of this reform at the Charité appear to have been successful. The following section of the article discusses the results of the evaluation as an analysis of strengths and weaknesses. As strengths, two areas are emphasized:

The first area includes the longitudinal teaching formats for "medical skills course" and "bedside teaching" and the teaching coverage in the MCM programme in the areas of "diagnosis, therapy and medical care", "complains, symptoms and findings" and "diagnosis and clinical pictures". This strength reflects the fact that in the MCM curriculum, "teaching with patients" is a central component of the study programme and the development of competencies by students. Teaching from the first semester onwards is based on professional activities, which grow in complexity over the course of study. Meanwhile, expectations regarding the necessary level of supervision while carrying out these activities decrease. This longitudinal teaching format is based on the concept of entrustable professional activities, which has been increasingly recognised as a helpful tool for competency-based training in medical education \[[@R22]\], \[[@R23]\], \[<http://www.profilesmed.ch>\].The second strength is the longitudinal teaching format for communication skills and teamwork in combination with the high ratings of the importance of this competency area for medical practice and its integration in the modular curriculum. The strengths of the communication curriculum in the MCM are, amongst others,-- the close connection between the taught subjects in physician-patient communication and teamwork with the topics of the respective modules,-- the close connection to bedside teaching,-- the recruitment of standardized actors as patients and-- the integration of the subject into practical assessments.

With regard to weaknesses, we focus on two areas. The first weakness is that improvement in the area of medical decision-making was weaker than expected. A likely reason for this lack of improvement is that bedside teaching was not sufficiently well structured and cardinal symptoms were still insufficiently addressed in the MCM. Two interventions to improve this situation have therefore already been introduced:

An interdisciplinary working group commissioned by the MCM curriculum committee developed a plan for the structured teaching of "medical decision-making" for bedside teaching courses. This plan is currently being implemented.The current MCM curriculum was mapped to compare the already included cardinal symptoms and the overall learning outcomes (the "complaints, symptoms and findings" content area and the NKLM, chapter 20, reasons for consultations) \[<https://dsfz.charite.de/>\], \[<http://www.nklm.de>\].

The curriculum committee and the module planning groups will build on these expected results to improve the inclusion of more cardinal symptoms and their differential diagnoses in the MCM.

A second area for improvement is that there is currently insufficient inclusion of inter-professional education (IPE) in the MCM. This situation has also been reported in other medical faculties \[[@R24]\]. Supported by the Robert Bosch Foundation, teaching courses have recently been introduced at the Charité with students from other health professions. These teaching units have been introduced in both regular sessions and student tutorials \[[@R24]\], \[[@R25]\]. Building on these pilot project experiences, a Charité-wide network for IPE has recently been launched. This project is closely connected to local, national and international IPE networks. Cross-curriculum and professional overall learning objectives for IPE and a longitudinal curriculum for IPE in the modular medical track are currently being developed at the Charité.

Altogether, the evaluation results presented here have led to concrete improvement measures for the MCM, which underlines the significance and validity that the faculty attribute to the results. The above-described improvement measures were a key component of the application to the Berlin senate for the extension of the MCM programme. All in all, the introduction of the new MCM at the Charité has led to a culture in which curricular reform is regarded as a continual, faculty-wide process.

This report has limitations in that it is based on the experiences of one medical faculty and is not necessarily transferable to other faculties. In addition, the study reform programme was evaluated from a student perspective. Feedback from university lecturers, other teachers and staff was not taken into account in this project report. Study periods and exam results should also be included for a more complete picture. In addition, the return rates for the evaluations, which were based on voluntary participation, were comparatively low, which raises the question of representability \[[@R11]\]. However, evaluations based on mandatory participation carry the risk of generating improper responses. The results of this report are based on a high absolute number of participants and are consistent between surveys. In the 2016 final-year survey, the students in the traditional study programme were older than those in MCM programme. Their assessments of how well the respective study programmes covered the overarching learning outcomes for medical studies at the Charité should not have been influenced to an appreciable extent.

5. Conclusions
==============

Building on the experiences of the reformed medical track, the Charité has introduced a competency-based, outcome-oriented and integrated practice model with the MCM programme. Student evaluations showed substantial improvements in comparison to the previous regular curriculum of medicine at the same institution. The implementation of the modular medical track has led to a culture of continual improvement in medical education at the Charité.
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###### Table 2

![Overview of the competence and content domains at the Charité, which served as a framework for the outcome-oriented curriculum planning of the modular curriculum of medicine (MCM).](JME-35-54-t-001){#T1}

![Overview of the modular structure of the modular curriculum of medicine (MCM). The titles and sequences of the modules, the longitudinal teaching formats ("problem-based learning" (PBL), "communication skills and teamwork" (CIT) and the module-supporting lectures) and the examinations over the semester (S) are shown.](JME-35-54-g-001){#F1}

![Results of the student evaluations of the characteristics of curricular integration in the MCM. The relative proportions of students who rated the statements on a 5-point Likert scale from \"strongly agree\" to \"strongly disagree\" are shown.](JME-35-54-g-002){#F2}

![Results of the student evaluation on satisfaction with the longitudinal teaching formats in the Modular Curriculum of Medicine. Shown are the relative proportions of students who rated the statements on a 5-point Likert scale from \"strongly agree\" to \"strongly disagree\".](JME-35-54-g-003){#F3}

![Results of the student evaluations of the relevance of the overarching learning outcomes and their coverage in the MCM. The relative proportions of students rating the statements (\"relevant to working as a physician\" and \"coverage in the MCM\") on a 5-point Likert scale from \"very important\" to \"not at all important\" and from \"very high\" to \"very low\" are shown.](JME-35-54-g-004){#F4}

![Comparison of the evaluations regarding the coverage of overarching learning outcomes in the modular versus the regular curriculum of medicine (MCM versus RCM). Students evaluated the coverage at the beginning or in the final-year clerk ship of the respective study programme. The relative proportions of student ratings on the degree of coverage on a 5-point Likert scale from \"very high\" to \"very low" are shown.](JME-35-54-g-005){#F5}

![Results of the student evaluations of their preparedness for early clerkships, the written M2 exam and the final-year clerkship (A) as well as their overall satisfaction with the MCM study programme (B). The relative proportions of students who rated the respective statements on a 5-point Likert scale from \"strongly agree\" to \"strongly disagree\" are shown.](JME-35-54-g-006){#F6}
